Analytic solutions to the kinetic equation which describes the transport of superthermal electrons in the plasmasphere are presented. Relations which allow the calculation of the photoelectron energy spectra and the plasmaspheric transparency are obtained. An expression for the heating rate of the thermal electron population by the superthermal electrons is also given.
INTRODUCTION
Superthermal electrons created in the upper atmosphere by either solar EUV radiation (photoelectrons) or by impact ionization play an important role in the ionosphere and plasmasphere. These electrons heat the thermal plasma, create further ionization, excite atomic and molecular species, and generate plasma oscillations. The complex structure of the superthermal electron source and the many processes affecting these electrons make an exact formulation and solution of the kinetic equation describing their behavior very difficult. A great deal of effort has been devoted to this problem during the last couple of decades, and a number of different approaches have been employed to get meaningful and in general numerical solutions to this problem (for a comprehensive review see Khazanov et al., manuscript in preparation, 1992). There are still significant uncertainties associated with many of the collision cross sections which are necessary for accurate quantitative calculations, therefore the present numerical schemes appear to be sufficient, in general. One aspect of the superthermal electron problem is their transport through the plasmasphere. This issue has been looked at in the past, but no satisfactory and/or comprehensive solutions have been obtained so far [Hanson, 1963; Gastman, 1973; Takahashi, 1973; Lejeune and Wormser, 1976] .
In this paper we present analytical solutions to the kinetic equation which describes the transport of superthermal electrons in the terrestrial plasmasphere. We derive a relation which allows the calculation of the transparency of the plasmasphere to these superthermal electrons, and we also present an analytic expression for the heating rate of the thermal plasma due to the passage of these superthermal electrons through the plasmasphere. 
In the collisionless case the parameters of the superthermal electrons in the two zones are independent, because there is no interchange of particles between regions I and II. The electron population in the trapped region is the result of direct production of superthermal electrons in this zone. In the plasmasphere these sources are negligible, therefore it is possible to assume that fII = 0. In this case the spatial variations of the thermal electron heating rate due to these superthermal electrons can be written as [Khazanov, 1979] Qo = Qo(s = +So)[1-3/1-1/o(s) ] In the derivation of (7) where Ixob corresponds to that pitch angle at the equator which results in reflection at s=s o. Equation (9) can be evaluated by using equation (6) 
... the main contribution to the infinite sum in equation (37) is the first term when Z/Xob is In this section the transport of superthermal electrons in the large. When Z/Xob is small, the contribution from the rest of
plasmasphere is studied, but this time the trapped/capture zone the terms is appreciable, because is considered to be finite, that is, scattering back from the trapped (II) into the fly-through (I) zone is taken into account.
Let us denote the distribution function of the electrons in zone I
as fI and obtain a solution for it from equation (13), using the initial condition given by equation (16). The boundary condition at x=0 (lto=(+/-)l) is the boundedness of fl. The boundary condition at X=Xob is assumed to be the function fb(E), which is taken to be constant along the trajectory X=Xob [Khazanov, 1979] . We can write fI as follows:
fI (x,z) = •t (x,z) + fb (28)
Using equation ( 
t --2I• flI(X)dx
In equation (45) the rate at which superthermal electrons entex the plasmasphere from the ionosphere, qE +, is the mean of that entering and escaping. Note that in the determination of the total superthermal electron density at the magnetic equator, s=0, it was assumed that the contribution from those in the flythrough region is negligible. Using these various approximations in equation (43) (59) and (60) indicates that the main contribution to the integrated heating rate comes from the trapped superthermal electrons.
CONCLUSIONS
We derived analytic expressions for the distribution functions of superthermal electrons in the plasmasphere. These results were then used to obtain simple expressions for the transparency of the plasmasphere to the passage of these electrons and the resulting heating of the thermal electron population. As expected the transparency decreases with decreasing energies and the thermal plasma heating is due mainly to the trapped superthermal population. These results will be very useful in future ionospheric model calculations, as it will allow the inclusion, in a quantitative manner, of the energy deposition in the plasmasphere and subsequent heat input into the ionosphere. Also, the expression for transparency, obtained in this work, will make possible quantitative calculations of the effects of conjugate photoelectrons. Clearly, a more accurate and self-consistent set of calculations would require the numerical and simultaneous solutions of the electron transport equations in both the ionosphere and plasmasphere. Such calculations will be carried out in the future. However, the use of the results presented here will, by themselves, lead to better and more quantitative model 
